PATENT 

DOCKET NO,: C 2864 



Use of cis-^trans-ll isomer of conjugated linoleic acid 

(CLA) 

Object of the invention 

The present application belongs to the area of pharmacy and refers to a new medicament for 
fighting inflammatory diseases, preferably respiratory diseases like, e.g., asthma. 

State of the art 

Asthma bronchiale is an inflammatory respiratory disease which is accoirpanied by an in- 
creased sensibility of the respiratory channels for various stimuh and a reversible bronchial con- 
striction The airway epithehum is the first tissue layer to encounter environmental stimuli such 
as inhaled allergens or microbes and plays a pivotal role in the inflammatory network seen in 
airways during asthma attacks. The evolution of asthma is primarily based on the inflammation 
of the bronchial mucous membrane, where mast cells, T-lynphocytes, granulocytes, and in- 
flammation mediators hke, e.g., histamine are considered to be seriously involved Upon expo- 
sure to a stimulant, the epithelial ceDs by themselves will ejq)ress and release a variety of in- 
flammatory mediators which act in a paracrine, autocrine or endocrine fashion to propagate the 
disease development Increased IL-6 and IL-8 production has been reported in airway epithelial 
cells fi-om patients with bronchial asthma. Recently it has been demonstrated that activation of 
the nuclear peroxisome proHferator-activated receptor-y (PPARy), which is constitutively ex- 
pressed in bronchial epithelial cells, dramatically inhibits production of inflammatory mediators, 
suggesting that PPARy may act as a negative immunomodulator in the airways by protecting 
non-iyn5)hoid tissue fi-om cytokine-mediated events associated with immune stimulation Simi- 
lar to other steroid hormone receptors, PPARy requires activation by a ligand in order to 
modulate gene expression by interacting with specific DNA response elements located up- 
stream of responsive genes encoding for inflammatory mediators. 
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People suffering from asthma show a bronchial hypersensitivity in the early phase of disease 
which means that the bronchial system reacts with contraction and an overproduction of slime 
even in case of rather weak and usually neutral stimuli The dominant role in the pathogenesis 
of the asthma bronchiale is a spontaneous reaction of type I which is mediated by antibodies of 
5 the IgE type. Said antibodies recognise specific allergenic compounds as invaders, form com- 
plexes with said allergens in order to stimulate mast cells to degranulate and to emit messenger 
coii5)ounds like, e.g., histamine. These so-called mediators start a chain of reaction and effect 
an endobronchial obstruction by 

1 0 • bronchial spasm (spasmodic contraction of the medial and small respiratory channels), 

• swelling of the mucous membrane and inflammatory infiltration of the mucous memr 
brane, and 

• overproduction of viscous slime in the respiratory system 

15 As a result the respiratory system becomes blocked and the patient suffers from not getting 
enough breath. Besides the IgE-mediated spontaneous Type I reaction which usually occurs 
after a couple of minutes after the stimulation, further allergic reactions are possible even after 
some hours. It is known that some patients show both types of reaction. Although usually one 
allergen is responsible for an attack in the beginning of an allergic asthma, however, in the 

20 course of the disease other allergenic factors may become inportant, too, so that a prophylaxis 
by eliminating potential allergenic factors becomes rather difficult. 

Besides bronchial dilatarding agents, asthma therapy uses anti-inflammatory medicaments: 

Glucocorticosteroids show anti-inflammatory, anti-allergic, and immune suppressive ef- 
fects, increase the mucociliar clearance and inhibit the production of inflammation me- 
diators. Further, they readjust the sensibility of the beta-receptors of the respiratory sys- 
tems for beta-sympathomimetica. Unfortunately, the compounds need hours to become 
effective, even if appKed intravenously, so that they are fiilly useless in case of an acute 
attack. In addition, glucocorticosteroids are know for negative side effect, for exan5)le 
an increased glucose concentration in the serum, unwanted fat deposition in the tissue, 
osteoporosis and skin atrophic. 

• By means of antihistaminica the messenger histamine which is respons&le for allergic 
35 reactions is neutralised and emitted in the course of an asthma attack. Antihistaminica 

inhibit the expression of histamines by the mast cells of the mammal by stabihsing them 
As a result, the swelling of the mucous membranes goes down, acconpanied by an anti- 
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inflammatory effect. Unfortunately, these medicaments are only useful for prophylaxis 
but unsuitable for fighting a spontaneous asthma attack. 

Therefore, it has been an object of the present invention, particularly with respect to the in- 
5 creasing number of resistances and the need for increasing the number of technical means, to 
identify new conqjounds which simultaneously inhibit cell proliferation and expression of cyto- 
kines, and which show an anti-inflammatory effect in order to fight diseases of the respiratory 
system and to develop a new medicament which is useful to prevent and to fight spontaneous 
asthma attacks or at least spend relief, mainly during the sleeping phase. 

10 

Detailed description of the invention 

Object of the invention is the use of ciS'9,transA\ isomer of conjugated linoleic acid for the 
15 production of a medicament for fighting inflammatory diseases and for a nutrition, functional 
food or dietary supplement agent. 

Surprisingly it has been found in vitro that the cis-S^trans-W isomer of conjugated linoleic acid 
- conqjared to other CLA isomers in general and, more specifically, con5)ared to non- 
20 conjugated linoleic acid - 

(i) inhibits cell prohferation predominantly of epithelial cells and mainly of bronchial 

epithehal cells for up to 30 %, 
(if) support of apoptosis of eosinophiUc granuloctyes, and 
25 {m) reduced the expression of pro-inflammatory cytokines like IL-6 for about 70 and of 
IL-8 for about 50 % (compared to a placebo). 

The inhibition of cell proliferation, particularly the proliferation of cells of the immune systenas 
involved in immune response and specific cytokine expression, preferably within cells of the 
30 bronchial system or the cartilage tissue of the joints, are accon5)anied by an anti-inflammatory 
effect which one can use for fighting 

• hypersensitivity of the bronchia, 

• respiratory diseases, particularly asthma, and 

35 • rheumatic diseases, particularly rheumatic arthritis, 

but also for reducing the synptoms of inflammation induced diseases in general, like e.g. rheu- 
matic pains, Alzheimer's disease, arteriosclerosis, morbus crohn, colitis ulcerosa and the hke. 
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Conjugated lino leic acid 

5 Conjugated linoleic acid (CLA) represents a commercially available process which usually is 
obtained by base-catalysed isomerisation of sunflower oil or their respective alkyl esters and 
subsequent isomerisation in the presence of enzymes. CLA is an acronym used for positional 
and geometric isomers deriving from the essential fatty acid linoleic acid (LA, cis-9,cis-12- 
octadecadienoic acid, 18:2n-6). Soon after its initial isolation from grilled ground beef in 1987, 

10 CLA was found to exercise pleiotropic beneficial effects spanning from chemoprotection of 
carcinogenesis, atherosclerosis, and diabetes to inflammation. CLA has several structural and 
ftmctional properties that are difierent from those of all-cis-nonconjugated polyunsaturated 
fatty acids. Namely, the non-methylene interrupted double bond system seems to be decisive 
for modulating cellular processes that might lead to the observed effects. Emerging evidence 

15 has indicated that individual CLA isomers act differently in the biological systems and contrib- 
ute differently in their beneficial or potential side effects. The cis-9, trans Al CLA-isomer was 
most efficacious in inhibiting the growth of cancer cell Unes in vitro and in vivo. In contrast, 
transAOyCisAl CLA was observed to have a greater inpact on lipid metabolism and adipo- 
genesis. Recently, several studies have demonstrated the ability of CLA to reduce levels of pro- 

20 inflammatory eicosanoids such as prostaglandins of the 2-series. Until now, however, there is 
no specific way to predict the properties of certain isomers, therefore, the identification of new 
applications and uses is still a question of trial and error. From a physiological point of view the 
use of the cis-9,trans'll isomer according to the present invention is of special irrportance 
having at least 30, preferably at least 50 and most preferably at least 80 % b.w. of said cis- 

25 9, trans A 1 isomer - calculated on the total CLA content of the crude mixture. In addition, it 
has been found advantageous if the content of the tranS'lOyCis-ll isomer is at most 45, pref- 
erably at most 10 % b.w. and most preferably is less than 1 % b.w., and the sum of 8,10-, 
11,13- and trans,tranS'isomsrs in total is less than 1 % b.w. - again calculated on the total 
CLA content. Such products can be found in the market for exairple under the trademark To- 

30 nalin CLA-80 (Cognis). Usually, the daily dosage of CLA is' 0.05 to 5, preferably 2.0 to 4 
g/^day. 
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ciS'9,tranS'l\ CLA or a respective medicament conprising said CLA isomer are usuafly ap- 
plied either sub-cutaneously, intramuscularly, per inhalation, per infusionem or orally - the 
latter for exanqjle in form of a dietary supplement, e.g. in form of a liquid composition or a 
capsule - or inhaled as a spray. Beside this, a topical appUcation - especially for fighting rheu- 
5 matic pains - is also possible. 
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Examples 



Materials and Methods 

5 

• Cell cultures. The transformed human bronchial epithehal cell line BEAS-2B (Clonetics 
Cell Systems, St. Katharinen, Germany) and the normal human bronchial epithelial cell 
line in primary culture (American Type Culture Collection, Manassas, VA, USA) were 
cultured in T-25-tissue flasks in bronchial/tracheal epithehal cell basal medium (BEBM) 

10 supplemented with a variety of growth factors including bovine pituitary extract (0,052 

mg/mL), human reconibinant q)idermal growth factor (0,5 ng/mL), hydrocortisone (0.5 
Hg/mL), epinephrine (0:5 ng/mL), transferrin (0.01 mg/mL), insuhn (5 |ig/mL), retinoic 
acid (0,1 ng/mL), triiodthyronine (6.5 ng/mL), gentamicin (0.05 mg/mL) and anpho- 
tericin (0.05 ^ig/mL), all purchased from Clonetics Cell Systems (St, Katharinen, Ger- 

15 many). Cultures were held at 37 °C in a humidified atmosphere of 5 % CO2 in air and 

the medium was changed every other day. 

• Stimulation of cells and fatty acid supplementation. Cis-9,trans-\ l-CLA and linoleic 
acid (LA) were obtained from Matreya Inc. (Pleasant G^, Pennsylvania, USA). Puri- 

20 fied fatty acids in oil form were dissolved in 96 % ethanol to give a 20-mM stock solu- 

tion, which was fiirther diluted in growth medium to produce the range of test concen- 
trations (20 ^ig/mL, 10 |a,g/mL and 5 \ig/mL CLA and LA, respectively). At confluence, 
. the cells were detached by exposure to trypsin/EDTA solution (0.05/0.02 % ia Ca^""- 
and Mg^'^-free phosphate buffered saline; Biochrom AG, Krefeld, Germany) and re- 

25 seeded in 12-well plates at a concentration of 1x10^ cells/well and cultured for 24 h to 

allow the cells to attach to the substratum The medium was then replaced and a final 
volume of 1 ml of each CLA- and LA-test concentrations, supplemented with 5 jig 
LPS/mL (lipopolysaccharide, E-coH serotype 026:B6, Sigma, Taufldrchen, Germany) 
and 10 % serum from allergic donors, was added to the wells. A similar volume of fatty 

30 acid-free medium containing the indicated stimuli and 0.4 % ethanol, corresponding to 

tiie max. volume in ejq)erimental wells, was used in stimulated control. 1 ml of fresh 
growth medium containing 0.4 % ethanol without any fatty acid and stimuli underwent 
the same measures of preparation and represented the unstimulated control After incu- 
bation for 24 h at 37 °C, supematants were harvested, separated from non-adherent 

35 cells and cell debris by centrifiigation (1300 rpm, 10 min), and kept at -20 ^'C until cy- 
tokine analysis. Cells were trypsinised to determine cell numbers and allow quantifica- 
tion of differences in cell prohferation in response to diflFerent treatments. 
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• Measurement of 11-6 and IL-8 in cell culture supematants, IL-6 and IL-8 production 
of epithelial cells were estimated in duplicate by enzyme-linked immunosorbent assay 
using commercially available ELISA kits (Pharmingen, Heidelberg, Germany) accord- 
ing to the manufacturer's guidelines. Standard curves and blank buffer were included in 
duplicate in each assay. When necessary, sanples were diluted to fit into the assay 
range. Specific interleukin concentrations were ejqjressed as picograms of interleukin 
per millilitre. 

• Estimation of cytokine gene expression with RT-PCR. Cultures of BEAS-2B and 
NHBE at an initial density of 1x10^ cells/well were stimulated as described above and 
treated with ciS'9,tranS'l I -CL A or LA in the highest concentration (20 |ig/mL) for 4 h 
or 12 h before total cellular RNA was isolated for cytokine gene expression analysis by 
reverse transcriptase-polymerase chain reaction Total RNA preparations were per- 
formed by DNase treatment according to the standard protocol of the High-Pure™ 
RNA isolation kit from Roche (Mannheim, Germany). For RT-PCR analysis, first 
strand cDNA was synthesized from extracted RNA using random primers, reagents and 
conditions supplied in the ProSTAR™ First-Strand RT-PCR kit from Stratagene (Am- 
sterdam, Netherlands). One-tenth of the synthesized cDNA was subjected to PCR- 
an5)lification in a total volume of 25 |xl. The primers for IL-6 and IL-8 DNA sanpMcar 
tion were designed from published sequences as follows; 

IL-6 primer forward: 5'-CeCAGTACCCCCAGGAGAAGAT-3' ' 
and reverse: 5'-CTGCGCAGAATGAGATGA-GTTGTC-3', 
IL-8 primer forward: 5'-CTTGGCAGCCTTCCTGATTT-3' 
and reverse: 5'CTCAGCCCTCTTCAAAAACT-3 

and gave PGR products of ejq)ected sizes of 507 bp and 200 bp, respective^. Primer 
sequences for the housekeeping gene cyclophilin as internal control were: forward 5'- 
CATCTGCACTGCCAAGACTG-3' and reverse S'-CTGCAATCCAGCTAGGCATG- 
3', defining a 326 bp DNA fragment. The PGR conditions were as follows: initial dena- 
turation at 95 °C for 5 min to activate the AnpUTaq DNA polymerase (Roche, Mann- 
heim, Germany), followed by 30 cycles of 95 °C for 1 min, annealing for 1 min, exten- 
sion at 72 °C for 1 min, and a final 10 mia elongation step at 72 °C. Anneahng for the 
IL-6 primer pair was performed at 57 °C, for the IL-8 primer pair at 58 ""C and for that 
of cyclophilin at 60 °C. PGR reaction products were separated by flat bed electrophore- 
sis in 1 ,5 % agarose gels (Roche, Mannhein, Germany), stained with ethidium bromide, 
recorded using a gel-documentation-sy ste m and analy se d densitometrically with Pho- 
retix ID Advanced Software (Biostep, Jahnsdorf, Germany). 
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• Statistical analysis. To determine significant differences among the treatment groups, 
the data were evaluated with the Wilcoxon matched-pairs signed-ranks test using SPSS 
software (version 10.07) and are reported as the means ± SEM of at least three inde- 
pendent experiments, each done in dupUcate. Significance of difference was set at 
5 p<0.05. 

Example la 

ciS'9ytransA 1-CLA prevented stimulus-induced increase of proliferation 

10 To establish the effects of c£s'-9,/ra/7J-l 1-CLA in con5)arison to LA on proliferation of stimu- 
lated normal (NHBE) and transformed human bronchial epithelial cells (BEAS-2B), cells 
grown in medium containing 5 |ig LPS/mL and 10 % serum firom allergic donors and supple- 
mented with either cis-9, trans A I -CL A or LA at different concentrations were harvested after 
24 h and cell numbers determined. Exposure of cells to the indicated stimuH without any fatty 

15 acid (control^) caused a markedly enhanced proliferation conpared with the unstimulated con- 
trol in both BEAS-2B (by 12.9 ± 3.5 %) and NHBE (by 12,6 ± 3,2 %). Incubation with 20 
|ig/mL, 10 |xg/mL and 5 |ig/mL ciS'9,trans-l 1-CLA significantly prevented the stimuli-induced 
inaease dose-dependent significantly (p<0.05) in BEAS-2B for all tested concentrations (by 
32.7 ± 5.0 %, 19.3 ± 5.0 % and 7.9 ± 5.1 %, respectively) and in NHBE for 20 ^g and 10 ^ig 

20 cis-9,trans-l 1-CLA/mL (by 17.4 ± 2.8 % and 15.4 ± 3.6 %). Treatment with LA under identi- 
cal conditions led to a small and not significant inhibition of prohferation after 24 h using the 
maximal concentration (by 4.7 ± 6.9 % in BEAS-2B and 8.4 ± 2. 1 % in NHBE). At lower con- 
centrations, LA caused cell growth. Modulation of proliferation by the isomer was significantly 
different fi-om that seen in LA-treated BEAS-2B, for all concentrations. The results are shown 

25 in Figures 1 A and 2B. 

Exanople lb 

Modulation of cytokine expression by fiitty acid treatment 

30 IL-6 and IL-8 secretion was examined by ELISA in culture supematants of BEAS-2B and 
NHBE after 24 h of incubation with different concentrations of either ciS'9,tranS'U -CLA or 
LA in stimuli-containing medium Basal cytokine expression in both cell lines was low. How- 
ever, in the presence of 5 jig LPS and 10 serum secretion of both cytokines IL-6 and IL-8 sig- 
nificantly increased. In BEAS-2B, the basal cytokine expression was approximately 2.6-fold 

35 higher for IL-8 and 5.9-fold higher for IL-6 in the presence of the indicated stimuH (Fig 2A). 
When ciS'9ytranS''ll-CLA was added to the cells sensitised IL-8 and IL-6 production was 
dose-dependentfy inhibited in a range fi'om 25.6 ± 3.6 % in lowest, to 55.2 ± 5.2 % in highest 
^concentration~and"fi:om~59:9^7rr%~^to"76T4*^474"%;"respectivefy^^^ 
lated control+. Decreased cytokine release was also noticed in the corresponding LA-cultures, 
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but was less clear (by 19.3 ± 8.7 % to 33.5 ± 5.0 % reduced IL-8 and 23.1 ± 8.9 % to 50.2 ± 
14.1 % reduced IL-6). NHBE cytokine release was massively sensitised by LPS- and serum 
stimulation. CiS'9,trans'l\-CLA was similarly effective in suppressing cytokine secretion as 
seen for BEAS-2B. Significantly less IL-8 was quantified in ciS'9,tranS'l I -CLA treated cells, 
whereas 10 ^g CLA/mL was most efficacious (by 46.0 ± 8.1 % compared to control+). CLA- 
mediated suppression of IL-6 production was even clearer. CLA added together with stimulat- 
ing LPS and serum revealed a significant decrease in cytokine release in a dose-dependent 
manner (ranging from 56.9 ± 4.9 % to 68.6 ± 5.3 %). LA in highest concentration led to sig- 
nificant reduction in cytokine secretion just as well: IL-8 release was reduced by 43.3 ± 14.3 % 
and IL-6 release by 60.0 ± 16.3. However, conparison of both fatty acids showed significant 
differences in modulating cytokine expression, The results are shown in Figures 2A and 2B. 



In Table 1, all results are summarized The percentage of inhibition of stimuK-induced cytokine 
release is coir5)aratively higher than that seen for proliferation. By representing production of 

15 interleukins/1 00.000 cells, fatty add-specific differences become distinct: all tested concentra- 
tions of ciS'9ytranS'lUCLA were more efficacious in inhibiting secretion of IL-6 conpared 
with the corresponding LA-treatments. With regard to IL-8 release, the dose-dependent effects 
are less clear: in BEAS-2B only the highest concentration of the isomer, and in NHBE the 
middle and the lowest concentration, had a higher depressing effect on IL-8 production than 

20 LA. 
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Table 1 

Comparison of percentages of inhibition relating to stimulated proliferation and IL-6 and IL-8 production 
after 24-h-treatment with cis-9,trans-ll-CLA or LA and the means of cytokine release/100.000 cells 







%inhiN^^^ oj 


r 








proliferatio« 


lL-^S-secretian i 


IL-8-3ecretio» 



pglL 



BEAS-2B 


CLA 20 
Ug/mL 


32.7 ±5.0 


76.4 ± 4.4 


55.2 ±5.2 


792 ± 152 


1458 ± 136 


CLAIO 
Ug/mL 


19.3 ±5.0 


69.7 ± 7.6 


38.8 ±5.2 


841 ± 184 


1667 ± 160 


CLA 5 
jig/mL 


7.9 ±5.1 


59.9 ±7.1 


25.6 ±3.6 


983 ±175 


1774 ± 154 


LA 20 
Ug/mL 


4.7 ±6.9 


50.2 ± 14.1 


33.5 ±4.0 


1181 ±256 


1533 ± 121 


LA 10 
Ug/mL 


no effect 


38.4 ± 6.6 


30.6 ±3.6 


1220 ± 120 


1341 ±110 


LA 5 
|xg/mL 


no effect 


23.1 ±8.9 


19.3 ±8.7 


1440 ± 78 


1483 ± 209 



Table 1 (cont.) 

Comparison of percentages of inhibition relating to~stimulated'proliferation and~IL=6~and n^ 

after 24-h-treatment with cis-9,trans-ll-CX.A or LA and the means of cytokine release/100.000 cells 
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n A 1 0 


15 4 ± 3 6 




46 0 ± S 1 


2062 zt 707 


5659 ±812 


jig/mL 












CLA 5 


5.3 ±3.7 


56.9 ±4.9 


33.3 ±8.1 


2049 ± 262 


6212 ±513 


Hg/mL 












LA 20 


8.4 ±2.1 


60.0 ± 16.3 


43.3 ± 14.3 


2007 ± 924 


5420 ± 1032 


fig/mL 












LA 10 


no effect 


35.0 ±8.6 


27.8 ±10.8 


2906 ± 530 


6252 ± 462 


Hg/mL 












LA 5 


no effect 


32.1 ±5.6 


22.8 ±5.2 


3052 ± 292 


6820 ± 543 


Hg/mL 













Exanq)le 2 

5 Quantification of IL-6 and IL-8 mRNA 

Reverse transcrq)tase-polymerase chain reaction (RT-PCR) using cyclophilin RNA as internal 
standard was performed after 4 h and 12 h of incubation of cells without (c+) or with either 20 
|ig/mL cis-9,trans-ll-CLA or LA in stimuli-containing medium PCR reaction products were 
10 separated by flat bed electrophoresis, stained with ethidium bromide, recorded using a gel- 
documentation-system and analysed densitometrically. The effect of CLA on IL-6 and IL-8 
protein levels paralleled mRNA levels. Compared with stimulated control (c+) the mRNA ac- 
cumulation of both cytokines after the period of stimulation was found to be diminished by the 
isomer, whereas LA had no effect. Outcomes are presented in Figure 3. 
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